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TO: AFOSR
Bolling, AFD, DC 20332

FROM: Frederick Bloom, Professor
Department of Mathematical Sciences, NIU

RE: Final Scientific Report, AFOSR-81-0171, 15 May 1982 - 14 May 1983

During the period 15 May 1981 - 14 May 1982 the principal investigator was
on leave at the University of Connecticut (Fall 1981) and the University of
Maryland (Spring and Summer 1982); work completed during that period is
summarized in the enclosed interium report covering that period. During

the period 15 Mav 1982 - 14 gy 1583 our etforts were centered on studying
shock formatlion for plane waves propagating in nonlinear dielectric media and
on the possible dissipative effects of anisotrophy, nonlinear conduction
currents, and nonlinear dielectric relaxation. We also considered problems
of singularity formation for electromagnetic wave propagation in nonlinear
distributed parameter transmission lines. Appropriate summaries of our work
in this area, some of which was completed after the principal investigator
had accepted his present position at Northern Illinois University, may te
found in the attached abstracts #4, 5, and 6.
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Systems of Nonlinear lvperbolic Equations
Associated with Problems of Classical
Electromagnetic Theorv

Frederick Bloom
Department of Mathematical Sciences
Northern Illinecis University
DeKalb, Illinois 60115

Abstract

The manifestation of a variety of nonlinear phenomena in electromagnetic theorv
is considered with specific emphasis on shecck formation for plane waves pro-
pagating in nonlinear dielectric media and the possible dissipative effects

of anisctiophy, nonliuear cunduction currents, and nonlinear dielectric
relaxation. Also considered are problems of singularitv formation for

electromagnetic wave propagation in nonlinear distributed paramcter trans-
nssion lines.
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Shock Formation in Inhomogencous

Quasilinear Svstems Associated with Nonlinear

Electromagnetic lodelsy

Frederick RBloom
Department of Mathematical Sciencer

Northern Illinois l'niversity
DeKalb, [llinois A0115

ABSTRACT

We consider the problem of the existence of smooth globally defined
solutions to a quasilinear system of inhomogeneous hyvperbolic equations; these
cquations are shown to model both the behavior of a distributed parameter non-
linear transmission line, with voltage dependent capacitance and non-zero
resistance and leakage conductance, and the interaction of a plane electromagnetic
wave with a nonlinear dielectric half-space in the presence of a nonlinear
conduction current. Specific conditions are exhibited, for both models, under
which shocks form if the gradients of the initial data in each respective sroblem
are. pointwise, sufficiently large. The analysis is based upon a study of the
behavior of appropriate sets of Riemann invariants along their respective

characteristic curves.




- eeuerdigins 11e 9ie

A Pal pue "0 < (00 ‘0 < (o).

0 Juv ieyd (1) uv uweoys sem 3] (x)0a = (0'x)a
(x)¥» = (0°x)m ei1ep [erituyr d1potiad polerdosse jo oted
343 1203 [z] poawdys pue [} eprysiN £q poraprsuod

| RES TR 1YY

AD~ = mm (m), 1 - mm
(9) ¢
e e
02 " me
wa3shs
iraurjysenb padwep ay3 jo ase> [eroads e st yorym
“. “Q
1 (1} (DML »
(s) x* 1
0= T+ D
03 sadnpax () waisds ay3 wdys g = 9 31 (1)
TsyIruay
r - 1p
Oluf =7~ * *3p £q paurzop suerd 1'x oya ur

$ITIS{I1dva8Yd 1EIX Iyl 31v (Z) Yyila paiefrosse pue

o () @ o i1 )« o7 (1) - w

(5) (™) . .m.m.

Mm

S1109 stoullil

o)
D (MO

lllllllll/\/wﬁ)(/\ AI . !
e RARAL et
imo1aq pa1d1dap st uoTIENITS 2a73ud Iyl Iuapuadep
a3v3(oA osle ‘snyl ‘st pue Ap/(A)DP = (A)D =
Aq uaard vays sy 9 aouexroeded ayp IuTY 3y ut
udsoys ¢ urdtio ue woIlj IJUEISIP SITUN X  IuTl Iyl ur
Jutod v 3e ade3jor 9yl SE (I°X)A = A Iaym  (A)H =D

1Yyl paumsse ST 37 2uIl Ayl jo yaduay 3yun aad W

‘1T Juaarnd

a5ueIdNpuUod 3deyea] pus ‘Y aduUeISFSIL

‘1l 95uUBIDNPUI-J IS IUBISUOD YITA AU UO[SSTusSULI)
Jeauyruou 233duwered pPaINgIIISTP B ISPISUOD aN

uoy3dnpoliuj

*adaey A13uayoriins
1% JusalInd pus sdaeyd Jo s3uarpead yperIyur Iyl Sujyy
ay3 uy jujod amos 3w JT suotienbd Qury UATSSIUSURLY
9yl JO SUQIINIOS UJ WIOF SAIOYS YIJYm IIpun paITqIyxa
ale suoj3Ipuod dfFyoads °Iouednpuod adexeal pue
2OUWISTEIL OXIz-uou pue ‘eduwiydeded Juapusdap sBeijoa
23URIdNPUT-FIOS JUBISUOD SIUNSSE [9pOW Yl !pPaXIPIsSuod
£1 Sujl uojssymsuelyl JeSULIuOuU ljawexred PainqlIISIp ®©
jo xotaeyaq 3yl Bujiyspom suojienbs d31j0qiadiy snousd
-omoyuy jo wa3sAs leauyfysendb v 03 suoyIn{os paurzIp
A11eqo1? yioous Jo 2ouUIISIXI Y1 jJo waiqoad ayy

3de2ISqY

‘qrexaq

A3JSLaATU] STOUT{L] uUXIyIJIoON
S35Uatdg [edllewaylen Jo uaamixeddg
woolgd Y2yidpaxg

SWI780¥d INIT NOISSINSNVYL ¥VINITINON
HLIA QILVIDOSSY SiéILSAS J1'T08d3GAH
SNOINIDONGHNL Y04 NOILVINIOA IAVM XJOHS :




